This manuscript describes the facile synthesis of new P 2 SeCN heterocycles Furthermore the synthesis of unusual zwitterionic carbamidoyl(phenyl)phosphinodiselenoic acids is reported All four new compounds have been fully characterised including X-ray structures.
deoxygenation reagent for the synthesis of phenylsulfides from the corresponding phenylsulfoxides. 10 Use of WR for the synthesis of 8-10 membered ring macrocyclic diselenides bearing P-Se-Se-P linkage has been reported recently.
11
As a continuation of our interest in exploring the reactivity of WR towards different organic substrates, here we report the synthesis of heterocyclic selenazadiphospholaminediselenides 3 [PhCH 2 CH 2 N(CH 3 )C=N(PhP(Se)SeP(Se)Ph) (1) and Ph CH 2 CH 2 CH 2 N(H)C=N(PhP(Se)SeP(Se)Ph) (2)], and carbamidoyl(phenyl)phosphinodiselenoic acids [PhCH 2 CH 2 N(CH 3 )C(NH 2 )P(Se)(Se)Ph (3) and PhCH 2 CH 2 CH 2 N(H)C(NH 2 )P(Se)(Se)Ph (4)] and their X-ray crystal structures.
Phenylalkylcyanamides were synthesised with a modified method by reaction of cyanogen bromide with crystalline primary or secondary amine in dry methanol in the presence of excess of anhydrous CH 3 COONa.
12
Compounds 1 and 2 were prepared by cleavage of the four-membered P 2 Se 2 ring WR with RR'NC=N (43% and 42% yields, respectively, Scheme 1). Both compounds, which are stable in air for several months, are soluble in common non-polar organic solvents and were crystallised from dichloromethane\hexane to give transparent yellowish cubic crystals. The identifying 31 P NMR characteristics of 1 and 2 are two sets of
Scheme 1
Hydrolysis of compounds 1 and 2 (Scheme 2) was carried out in refluxing tetrahydrofuran with water to
give the unusual zwitterionic carbamidoyl(phenyl)phosphinodiselenoic acids 3 and 4 in high yields (96% and 98%, respectively) as green solids which were subsequently recrystallised from dichloromethane\hexane before further analyses. 3 and 4, which are soluble in dichloromethane, tetrahydrofuran and chloroform, are stable at room temperature in air for months without any observed decomposition. 4 is only formed in E configuration, whilst 3 was formed as a mixture of E/Z isomers in the ratio of 7 : 3. (8) and 114.38(6)˚ for 1 and 2, respectively] is distorted tetrahedral due to the steric hindrance of phenyl groups.
The transannular P ••• P bond distances are 3.17(3) and 3.23(2) Å for 1 and 2, being marginally longer than those observed in the four-membered P 2 Se 2 ring system (3.1 Å Å) and considerably shorter than those in sixmembered P 2 Se 4 ring system (4.3 Å). The structure of 3 crystallises in the monoclinic space group P2(1)/n with two crystallographically independent molecules in the asymmetric unit. Meanwhile, the structure of 4 crystallises in the orthorhombic space group Pca2(1)/n with two crystallographically independent molecules in the asymmetric unit. Both 6 structures adopt a skewed 'U' shape conformation and reveal that two molecules are in unusually zwitterionic structures. The two P-Se bonds are statistically invariant: P(1)-Se(1) and P(1)-Se (2) 16, 17 The two C-N bonds are also essentially equal (C(2)-N(2) and C(2)-N(3): 1.314(6) [1.316 (7)] and 1.317(6) [1.309(7)] Å for 3, 1.339 (9) [1.316 (9)] and 1.307 (9) [1.321(9)] Å for 4. As was the case for two P-Se bonds, the distances are longer than the C=N bond distances (C(5)-N(4): 1.298(8) and 1.283(5) Å for 1 and 2, respectively but considerably shorter than those of single C-N bond (1.320(8) and 1.331(5) Å for 1 and 2, respectively). The Se-P-Se angles are considerably enlarged compared to idealized tetrahedral (Se(1)-P(1)-Se(2): 119.30(6) [118.55(6)] Å for 3 and 120.66 (9) [121.44 (9)] Å for 4).
(a) (b) Fig. 3 (a) X-ray crystal structure of 3 (Z) (some C-H bonds omitted for clarity). Selected bond lengths (Å) and angles (˚) (esds in parentheses): In summary, the results reported here provide a new approach to five-membered P 2 SeCN rings, and novel carbamidoyl(phenyl)phosphinodiselenoic acids with unusually zwitterionic structures. Studies to explore the carbamidoyl(phenyl)phosphinodiselenoic acids as synthetic precursors for efficient stereoselective transformations in organic chemistry are now underway.
Notes and references
Unless otherwise stated, all reactions were carried out under on oxygen free nitrogen atmosphere using predried solvents and standard Schlenk techniques, subsequent chromatographic and work up procedures were performed in air. Solvents were dried, purified, and stored according to common procedures. 
N-phenethyl-N-methyl-2,5-diphenyl-2,5-dihydro-1,2,3,5,-selenazadiphosphol-4-amine-2,5-diselenide (1).
A mixture of N-methyl-N-phenethylcyanamide (0.64 g, 4.0 mmol) and WR (2.14 g, 4.0 mmol) in 50 ml of dry toluene was heated at 130 °C for 7 h. The red suspension disappeared and a red solution was formed along with a small amount of grey selenium after cooling to room temperature. The resulting mixture was concentrated to ca. 10 ml and purified by silica gel (1 : 9 = ethyl acetate / toluene as eluent) to give 1 as pale 8, 137.0, 133.4, 133.1, 132.4, 132.2, 132.0, 131.9, 131.3, 131.1, 129.6, 129.4, 129.2, 129.0, 128.7, 128.6, 128.5, 128.3, 126.7, 57.9, 38.8, 33.6 4, 131.2, 130.4, 130.2, 129.1, 128.8, 128.5, 126.7, 117.4, 54.8, 39.4, 32 
N'-(3-phenylpropyl)carbamidoyl(phenyl)phosphinodiselenoic acid (4).
In an analogous fashion to 3, a mixture of 2 (0.62 g, 1.0 mmol) and 1 ml of water in 20 ml of tetrahydrofuran was refluxed for 3 h. Work-up led to 4 as green solidd (0.51 g, 96%). Elemental analysis: Found C, 44.67, H, 4.50, N, 6.19; C 16 131.8, 131.6, 131.5, 128.7, 128.4, 128.2, 126.6, 43.7, 32 Crystal data for 1: C 22 H 22 N 2 P 2 Se 3 , M = 613.24, orthorhombic, space group Pbca, a = 18.865 ( 
